
INVESTIGATION OF THE SHOCK COMPRESSIBILITY 

OF QUARTZITE, PARAFFIN, AND POLYTETRAFLUOROETHYLENE 

BY USING A MANGANIN PRESSURE SENSOR 

N. G. Kalashnlkov and M. N. Pavlovskii UDC 539.63:539.58:550.32 

The poss ib i l i ty  is shown of using a manganin  p r e s s u r e  sensor  to m e a s u r e  duplex shock c o m -  
p re s s ion .  Resul t s  of expe r imen ta l  de te rmina t ions  of the shock compres s ib i l i t y  of quar tz i te ,  
paraff in ,  and poly te t ra f luoroe thylene  to 390-920 k b a r  p r e s s u r e s  a re  elucidated.  The data 
obtained indicate the probable  exis tence  of a s i l icon dioxide phase  with a density exceeding 
the density of s t ipover i te  by 11-17%. 

The c o m p r e s s i o n  of quar tz i te ,  paraff in ,  and polyte t raf luoroethylene  (fluoroplast~4) under  head-on 
col l is ions of shock waves  in these  m a t e r i a l s  has been  m e a s u r e d  by a method based on the inc rease  in e l ec -  
t r i ca l  r e s i s t i v i t y  of manganin  under  c o m p r e s s i o n  [1], The se t -up  of the e x p e r i m e n t i s  shown schemat ica l ly  
in Fig. l a .  The spec imens  were  doubly c o m p r e s s e d  by plane shocks being fo rmed  during the explosion of 
two identical ,  s imul taneous ly  initiated, cyl indr ica l  cha rges  1 of 120 r a m - d i a m e t e r  exp los ives  located oppo- 
s i te  each  other .  The spec imen  under  inves t igat ion cons is ted  of th ree  l aye r s ,  between which were  two man-  
ganin s enso r s  connected in s e r i e s .  The thickness  of the l a y e r s  2 between the a luminum shields 3 and the 
s e n s o r s  was ~2  ram, and the th ickness  of the l a y e r  S between the s enso r s  was - 1 8 - 2 5  ram.  The s en so r s  4 
were  fabr ica ted  in the f o r m  of s inusoids f r o m  0 . 2 - r a m - d i a m e t e r  manganin wire,  c o m p r e s s e d  to a thickness 
of ~0 .1  ram.  The total  r e s i s t iv i ty  of the s enso r s  was ~ 3  ~2. Copper foil  leads  5 were  soldered to the 
ends of the s e n s o r s .  

The e l ec t r i c a l  c i rcu i t  descr ibed  in [2] was used to supply the voltage pulse to the manganin p r e s s u r e  
s e n s o r s  and to r e co rd  the s ignals  obtained. The voltage pulse was fed to the s enso r s  through a bal l is t ic  
r e s i s t o r  with a capac i to r  of around 4 ttF capac i tance .  The magnitude of the bal l i s t ic  r e s i s t o r  was much 
g r e a t e r  than the total  r e s i s t iv i ty  of the senso r s ;  hence, cu r r en t  remained  p rac t i ca l ly  constant  in the c i r -  
cuit throughout the record ing  t ime .  The voltage f r o m  the leads to the s enso r s  connected in s e r i e s  was fed 
along cables  d i rec t ly  to the deflect ing p la tes  of a C1-24 type osc i l loscope.  A change in voltage ref lec ted  
an inc rease  in s ens o r  r e s i s t ance  during the i r  shock loading. 

An e lec t r i c  c i rcu i t  was used as m e a s u r i n g  appara tus .  Signal recording  was accompl ished  by using 
C1-24 type osc i l loscopes .  
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TABLE 1 

Material 
being in- 
vestigated 
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[n~ s s~oc~k . . . . .  : . . . . . . . . . . . . . .  ]produced by the reflected shock 
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Fig. 2 

The osc i l lograms represented in Fig. 2a-d were obtained on paraf -  
fin, f luoroplas t -4  (Teflon), and quartzi te specimens,  respect ively.  The 
f i rs t  excurs ion of the beam on the osc i l lograms cor responds  to the a r -  
rival of loading shocks at the sensors .  The duration of the step at the 
middle of the front of the f i rs t  excurs ion charac te r i zes  the nonsimultane- 
ity of a r r iva l  of shocks f rom opposite sides at the sensor .  The second 
excurs ion  of the beam on the osc i l lograms cor responds  to the ar r ival  of 
reflected loading shocks at the sensors .  That the profile of the second 
excurs ion has two-s teps  is determined by the nonsimultaneity of reflected 
compress ion-wave  ar r ival  at the sensors .  The noticeably l e s s e r  duration 
of the step in the second excurs ion is explained by the substantially higher 
propagation velocity of the reflected waves over  the substance which has 
already been compressed  f i rs t  by the f i rs t  loading waves. A single- 
wave configuration of excursions (see Fig. 2d) is observed upon the s i -  
multaneous approach of shocks to the sensors  f rom opposite sides. The 
timing m a r k e r  frequency is 5 MHz in all the osc i l lograms.  

The compress ion  pa rame te r s  of paraffin and polytet raf luoroethyl-  
ene Produced by the f i rs t  loading wave, which were determined f rom 
elec t r ica l  contact measurements  of the wave velocities in these mate-  
rials,  and also analogous data for quartzi te taken f rom [3], are presented 
in the left half of the table, where the initial densities of the specimens 
under investigation P0, the magnitudes of the wave D 1 and mass  U 1 flow 
rates  of the f i rs t  loading wave, the density Pl, and the degree of com-  
press ion  ~l =Pi/Po of the substance behind its front are given. 

The compress ion  pa rame te r s  of the substance produced by the re -  
flected shock for  the case of a frontal coll ision between shocks were 
determined by using the following express ions :  

s -- U1 (~, �9 ~2) D,,_, = u~ + D1 ~; q _ ~ ; :  ~ ,  

P2 = P* + P,UIDIs, 

Dx, 
(Is ----- (;1 ~ and p, = polyp, 

where D1z is the velocity of reflected shock propagation, ~'1 and ~'2 are t ime intervals on the osc i l lograms 
(see Fig. 2a), P2,r P2 are  the p re s su re ,  degree of compress ion,  and density of the mater ia l  behind 
the reflected wave front, respect ively.  

The resul ts  of calculations charac te r iz ing  the double-shock compressibi l i ty  of the mater ia ls  being 
studied under the frontal coll ision of shocks are  extended in the right half of the table. The accuracy  of 
measur ing the p res su re  was +2%, and the density was +1%. 

Intermediate experimental  points on the P - p  dependences of paraffin and Teflon were obtained as a 
result  of experiments  for which the diagram is shown in Fig. lb. Double-shock compress ion  of the speci-  
mens under investigation was accomplished in this case by using the shock reflected f rom the copper sub- 
strate 6 located after  the specimen. Closure of the e lec t r ica l  contact of the sensor  7, placed on the bound- 
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ary between the specimen under investigation and the copper  substrate,  
permit ted obtaining a t iming m a r k e r  corresponding to the a r r iva l  of the 
shock on the substrate  on the osc i l lograms (see Fig. 2d). The thickness S 
of the specimen was ~ 10 mm in these tests .  

The compress ion  pa rame te r s  of the specimens produced by a shock 
reflected f rom the copper  substrate were determined by using the expres -  
sions 

s Pc-- p, 
Di~ -- ~iT8 A5! = - �9 

. , piDi~ ' 

t~2 = Pi + piAUDi2,  

~ = Oi Di~ -- A-----~ and o~ : 9o~2, 

where T 3 is the t ime of ref lected wave passage over  the specimen (see Fig. 2d), and AU is the change in 
the mass  flow rate  of the mater ia l  because of reflected shock passage over  it. 

The resul ts  presented in the table are  in good agreement  with the data in [4, 5] charac ter iz ing  the 
double-shock compress ib i l i ty  of paraff in and polyfluoroethylene and the mass  flow rates  obtained ea r l i e r  
by using a magnetoelec t r ica l  measurement  method, which conf i rms the co r rec tness  Of the resul ts  obtained 
by the new method. 

Use of manganin p r e s s u r e  sensors  to measure  the double-shock compress ion  assures  a number  of 
essent ial  advantages as compared with the magnetoelect r ica l  method used ea r l i e r  [4, 5]. In this case, no 
application of cumbersome  magnets or  e lec t r ica l  genera tors  for  their  supply, nor  the amplification of the 
signals being recorded,  will be required.  There  is no need to measure  the magnetic field intensity. This 
not only simplifies conducting the experiment,  but also assures  higher measurement  accuracy.  The new 
method pe rmi t s  use of a high-explosive charge of a rb i t ra r i ly  large weight, which will afford the possibil i ty 
of using measur ing  apparatus possess ing  the best symmet r i e s  and moving forward into higher p r e s su re  
ranges.  Also of no little importance is the fact that the possibil i ty of studying piezoelect r ic  mater ia ls ,  for  
example, quartzi te,  was manifest .  A compar i son  between the data in the table charac ter iz ing  the double- 
shock compress ion  of quartzi te  and the data known for  the s ingle-shock compress ion  of quartzi te  [3] shows 
that the experimental  points newly obtained on the P -  p dependence (Fig. 3) lie substantially to the right of 
the st ipoverite branch of the s ing le -compress ion  curve for  quartzi te .  This indicates the formation of a 
mere  compact  phase of SiO 2 (approximately by 11-17%) under the compress ion  conditions described, then 
st ipoveri te.  Such an increase  in the density of compounds of the MeX 2 type has been noted in [6, 7] for  
isotope t rans format ions  of substances having a rut i le-l ike s t ructure  with the coordination number 6, and 
in a f luor i te- type s t ruc ture  with the coordination number  8. Another indirect confirmation for  obtaining a 
f luori te- l ike mode of SiO 2 under the multiple dynamical loading conditions is the or thorhombic SiO 2 s t ruc -  
ture  of ~ - P b O  2 type detected in [8]. According to [6] and [9], a f luori te-l ike s t ructure  which is stable at 
high p r e s s u r e s  can be assumed af ter  reduction of the load to the or thorhombic mode of a - PbO 2 type. The 
resul ts  obtained in this paper  are  in good agreement  with the conceptions expressed in [6, 9] and the exper i -  
mental  resul ts  f rom [8]. 
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